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ABSTRACT 
Acute Effects of Resistance Exercise Intensity in a Depressed HIV Sample:  





Introduction: In the US, Black/African Americans comprise the largest proportion of People 
Living with HIV (PLWH). Depressive symptoms and fatigue are highly prevalent among PLWH. 
Depressive symptoms are linked to progression of HIV disease, and fatigue is linked to severity 
of depressive symptoms. Resistance exercise is known to have psychological benefits in non-
HIV depressed populations, and these benefits are hypothesized to be intensity-dependent. 
That is, moderate intensity exercise seems to stimulate better psychological outcomes 
compared to other exercise intensities. To date, no study has examined the acute psychological 
effects of resistance exercise intensity with depressed PLWH. Purpose: To test the acute 
effects of resistance exercise intensity on affect, perceived activation, and perceived distress 
among sedentary Black/African American PLWH who experience depressive symptoms. 
Methods: Twenty-five men and 17 women ages 24-66 (47.5±11.2) with a Center for 
Epidemiologic Studies Depression Scale score of ≥10 completed a battery of questionnaires 
and 10-repetition maximum (10-RM) muscular strength tests. Participants were randomized into 
a moderate intensity resistance exercise group (i.e., 70% of 10-RM), n=21, or vigorous intensity 
resistance exercise group (i.e., 100% of 10-RM), n=21. Both groups completed 3 sets of 10 
repetitions for 5 exercises at the assigned intensity. Exercises include squat, chest press, lat 
pull-down, dumbbell shoulder press, and dumbbell biceps curl. Affect, perceived activation, and 
perceived distress were measured with the Feeling Scale, Felt Arousal Scale, and Subjective 
Units of Distress Scale, respectively. Measures were administered at PRE, MID, POST, at  
15-minute DELAY, and at 30-minute DELAY. Changes were analyzed using repeated measures 
ANOVA, with Bonferroni adjustments for post-hoc analyses. Results: There were significant 
Time x Group interactions for affect (F=2.6, p=0.03, η2=0.1), and perceived distress (F=5.5, 
p<0.01, η2=0.1), and a main effect of Time for perceived activation (F=16.2, p<0.001, η2=0.3). In 
the moderate intensity group, affect improved PRE to POST (t=3.2, p<0.01, d=0.7), PRE to 
DELAY 15 (t=4.1, p<0.01, d=0.9), and PRE to DELAY 30 (t=4.1, p<0.001, d=0.7). In addition, 
perceived distress was reduced from PRE to MID (t=4.2, p<0.001, d=0.9), PRE to POST (t=5.5, 
p<0.001, d=1.2), PRE to DELAY 15 (t=5.6, p<0.001, d=1.2), and PRE to DELAY 30 (t=6.7, 
p<0.001, d=1.5). In the vigorous intensity group, affect declined PRE to MID (t=2.9, p<0.01,  
d=-0.6), while perceived distress improved PRE to DELAY 15 (t=4.8, p<0.001, d=1.0) and PRE 
to DELAY 30 (t=3.5, p<0.01, d=0.7). Perceived activation increased in both groups similarly 
PRE to MID (t=5.1, p<0.01, d=1.5), and PRE to POST (t=6.1, p<0.001, d=1.8). Conclusions: 
Results suggest that an acute bout of moderate intensity resistance exercise is more effective 
than vigorous intensity resistance exercise in improving affect, increasing energy, and reducing 
distress in depressed Black/African American PLWH. However, vigorous intensity resistance 
exercise also appears to have distress-reducing benefits, but this appears to only occur after 
exercise. These findings should be considered when prescribing exercise for depressive 




TABLE OF CONTENTS 
 
LIST OF TABLES ........................................................................................................................ v 
LIST OF FIGURES .................................................................................................................... vi 
CHAPTER I  BACKGROUND .................................................................................................... 1 
Psychological Benefits of Chronic Exercise with PLWH .................................................. 5 
Aerobic Exercise ................................................................................................. 5 
Aerobic vs. Resistance Exercise ......................................................................... 6 
Resistance Exercise ........................................................................................... 6 
Combined Aerobic and Resistance Exercise ....................................................... 7 
Limitations of Chronic Exercise Interventions with PLWH ............................................... 7 
Psychological Benefits of a Single Bout of Exercise ....................................................... 9 
Psychological Benefits of a Single Bout of Exercise with PLWH ....................................11 
CHAPTER II  INTRODUCTION .................................................................................................13 
Research Questions ......................................................................................................15 
Research Question 1 .........................................................................................15 
Hypothesis .........................................................................................................16 
Research Question 2 .........................................................................................16 
Hypothesis .........................................................................................................16 
Research Question 3 .........................................................................................16 
Hypothesis .........................................................................................................16 








First Visit ............................................................................................................18 
Second Visit .......................................................................................................18 
Third Visit ...........................................................................................................19 
Exercise Protocol ..........................................................................................................19 
Delay Protocol ...............................................................................................................19 
Measures ......................................................................................................................20 
Demographics ....................................................................................................20 
Health History ....................................................................................................20 
Body Mass Index ...............................................................................................20 
Resting Heart Rate and Resting Blood Pressure................................................20 
Depressive Symptoms .......................................................................................20 
Trait Anxiety .......................................................................................................21 
Perceived Stress ................................................................................................21 
Self-efficacy .......................................................................................................21 
Affect and Perceived Activation ..........................................................................22 
Perceived Distress .............................................................................................23 
Rating of Perceived Exertion ..............................................................................23 
Sample Size Calculations ..............................................................................................23 
iii 
 
Statistical Analysis .........................................................................................................24 
CHAPTER IV  RESULTS ..........................................................................................................25 
Study Flow ....................................................................................................................25 
Descriptive and Baseline Characteristics .......................................................................25 
Affective Valence ...........................................................................................................26 
Perceived Distress.........................................................................................................26 
Perceived Activation ......................................................................................................27 
Dimensional Approach to Affect and Perceived Activation .............................................27 
RPE ...............................................................................................................................28 
Self-efficacy ...................................................................................................................29 
Correlates of Affective Response ..................................................................................29 
Self-efficacy .......................................................................................................29 




Years since HIV Diagnosis .................................................................................30 
CHAPTER V  DISCUSSION .....................................................................................................32 
Major Findings ...............................................................................................................32 
Strengths and Limitations ..............................................................................................35 




Appendix A  Informed Consent, HIPAA, Questionnaires, and Scales ........................................61 













































LIST OF TABLES 
 
Table 1.  Descriptive and baseline comparisons; N=42 .............................................................40 
Table 2.  Repeated measures ANOVA results for Affect; N=42 .................................................42 
Table 3.  Post-hoc analysis for Affect with Bonferroni adjustment (p<0.01) ...............................42 
Table 4.  Individual differences in Affective response ................................................................42 
Table 5.  Repeated measures ANOVA results for Perceived Distress; N=42 ............................44 
Table 6.  Post-hoc analysis for Perceived Distress with Bonferroni adjustment (p<0.01) ...........44 
Table 7.  Repeated measures ANOVA results for Perceived Activation; N=42 ..........................46 





LIST OF FIGURES 
 
Figure 1. Study flow ..................................................................................................................39 
Figure 2. Mean FS scores over time by group ...........................................................................43 
Figure 3. Mean SUDS scores over time by group .....................................................................45 
Figure 4. Mean FAS scores over time by group ........................................................................47 
Figure 5. Affective response plotted in a two-dimensional space  for two resistance exercise 
groups .......................................................................................................................................48 






I would love to express my sincere gratitude to: 
 Dr. Joseph T. Ciccolo, my advisor and my mentor, for his advice and support, and for 
helping me develop and nourish my research interest and become a scientist I am now.  
 Dr. Lynette Craft, Dr. Brandon Velez, Dr. Andrew Busch, and Dr. Carol Garber for their 
patience, support, and agreeing to be on my dissertation committee. 
 My lab mates, Nick, James, Mark, Jordan, and Chris for giving the lab a lively 
atmosphere and keeping the humor up especially on the hard days.  
 Maziar, for being super supportive especially in the earlier years when I wanted to quit 
multiple times! Soori and Baba joon, for always being present and shining in my life although we 
have not been able to see each other for 6 years now. Ali and Negar for all the memorable 
times we have together.  














































Globally, 36.7 million people were living with Human Immunodeficiency Virus (HIV) at 
the end of 2015, and in 2016, approximately 1.8 million people became newly infected 
(UNAIDS, 2018). In the United States (US), the Centers for Disease Control and Prevention 
(CDC) has estimated that there are currently 1.1 million people living with HIV (PLWH), 
including 15% who are unaware of their infection (CDC, 2017). 
In the US, Black/African Americans comprise the largest proportion of new HIV 
diagnosis, and those currently living with HIV/AIDS (CDC, 2016). Although they comprise only 
12% of the US population, in 2015, they accounted for 45% of new HIV diagnoses and 48% of 
those diagnosed with AIDS. This is not largely different than previous years, such as in 2014 
when they accounted for 49.4% of HIV diagnosis (CDC, 2015). Unfortunately, in 2014, they also 
accounted for 53% of all deaths attributed to HIV/AIDS (CDC, 2016).  
Despite HIV being a life-threatening illness, it is now considered a chronic condition in 
places where antiretroviral therapy (ART) is available and accessible to PLWH. The most recent 
research has shown that the HIV mortality rate has dropped by 94% from 1996 to 2006 
(Bhaskaran et al., 2008). This increase in life expectancy is mainly attributed to a beneficial 
change in the management of the disease and its markers, most prominently, an increase in the 
cluster of differentiation 4 (CD4+) cell counts and decrease in HIV viral load (May et al., 2014). 
As HIV has become a chronic illness, the importance of understanding and managing the co-
occurring conditions like mental illness has gained significantly more attention over the past 
decade. As the result, there is a plethora of epidemiological research on the prevalence of 
mental illness among PLWH (Blair et al., 2014; Do et al., 2014).  
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Depression and depressive symptoms are highly prevalent among PLWH. The data from 
the Medical Monitoring Project (MMP), a surveillance system designed by the CDC to collect 
data on PLWH, and the state-by-state data collected in the Behavioral Risk Factors Surveillance 
System (BRFSS) show that the prevalence of depression is three times higher among PLWH 
compared to the general population (Do et al., 2014). Other studies have reported similar 
figures and show that up to 36% of PLWH suffer from depression (Bing et al., 2001; Blair et al., 
2014; Chander, Himelhoch, & Moore, 2006). Unfortunately, depression often goes undiagnosed 
and untreated among PLWH, as the symptoms of depression may overlap with some of the 
somatic symptoms of the HIV disease (e.g., sleep disturbance, lack of energy) (Chander et al., 
2006). For example, in a nationally representative sample of PLWH, only 45% of those meeting 
the criteria for major depressive disorder (MDD) had been diagnosed with depression (Pence, 
O'Donnell, & Gaynes, 2012). 
Although the mechanisms supporting the high prevalence of depression are unknown, 
the rates vary by age, gender, education, and annual income (Do et al., 2014). Specifically, 
depression has been reported to be most common among female and transgender participants, 
those between ages 35 and 44, and those with lower income and lower levels of education (Do 
et al., 2014). The negative effects of depression in PLWH are meaningful and include poor 
medication adherence (Chander et al., 2006; Leserman et al., 2002), and faster progression of 
the HIV disease. For example, changes in the level of depression are reported to be significantly 
related to both changes in the HIV viral load (Kalichman, Difonzo, Austin, Luke, & Rompa, 2002) 
and a faster progression from HIV to AIDS (Leserman et al., 2002).  
Of particular importance is the relationship between depression and medication 
adherence. Medication adherence is one key factor that helps achieve HIV viral load 
suppression and maintain healthy CD4 cell count levels (Ambrosioni, 2011; Attia, Egger, Muller, 
Zwahlen, & Low, 2009; Donnell et al., 2010; Montaner et al., 2010). A number of longitudinal 
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and cross-sectional studies have therefore examined the relationship between depression and 
medication adherence in order to better understand how depression impacts HIV (Anastos et 
al., 2005; Barfod et al., 2005; Li et al., 2005; Parienti et al., 2004). Overall, there seems to be an 
inverse relationship, whereby depression exerts a negative effect on medication adherence and 
ultimately markers of the disease. For example, a 2008 systematic review reported that negative 
affective state was linked to increase in HIV viral load levels and decrease in CD4+ cell counts 
(Leserman, 2008), and a more recent meta-analysis reported that odds of ART adherence were 
83% better for those being treated for depression (Chander et al., 2006; Pence et al., 2012; Sin 
& DiMatteo, 2014) 
Another common mental health related symptom that PLWH regularly face is fatigue. 
The prevalence of fatigue ranges from 20% to 60% among those living with HIV, and up to 85% 
among those diagnosed with AIDS (Henderson, Safa, Easterbrook, & Hotopf, 2005; Jong et al., 
2010; Phillips et al., 2004). The cause of fatigue in this population is not clear and is assumed to 
be multifactorial (Jong et al., 2010). Fatigue is linked to several factors such as stages of HIV 
disease, use of ART, sociodemographic characteristics, sleep quality, quality of life, perceived 
stress, and other psychological factors (e.g., prevalence of depression and anxiety) (Henderson 
et al., 2005; Jong et al., 2010; Phillips et al., 2004). The strongest relationship is reported to be 
with psychological factors specifically severity of depression and anxiety (Henderson et al., 
2005; Jong et al., 2010). 
Given the above, there is a clear need to explore interventions to help reduce 
depression and negative affective states, which could help to reduce fatigue and alter the 
disease progression of PLWH. Exercise might be such an intervention, as it has long been 
associated with positive psychological outcomes in both the apparently healthy and known 
disease populations. For example, previous research exploring the effects of exercise on 
depression in the general population has reported moderate to large effects when compared to 
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no treatment (Craft & Landers, 1998; Lawlor & Hopker, 2001; Stathopoulou, Powers, Berry, 
Smits, & Otto, 2006), and more recent research has consistently reported large effects, 
specifically after adjusting for publication bias (Schuch et al., 2016) or modifying questionable 
methodological decisions (Ekkekakis, 2015). Of note, positive effects have repeatedly been 
shown for both chronic (i.e., a multi-week program) and acute (i.e., a single bout) exercise, 
suggesting that long-term engagement is not needed to gain a benefit. Overall, these recent 
developments have prompted researchers to call for the use of exercise as a standalone 
treatment or an adjunct therapy for depression (Pedersen & Saltin, 2015; Rethorst & Trivedi, 
2013; Stanton & Happell, 2013).  
As such, there is a strong rationale to investigate exercise as a potential intervention to 
help PLWH manage their depression and negative affective states. To date, there have been a 
fair number of studies that have investigated the effects of exercise on various psychosocial 
outcomes in PLWH, but not depression per se. The vast majority of the studies in this area have 
tested a fitness related primary outcome (e.g., aerobic capacity) and added a psychological 
assessment as a secondary measure. Hence, the current body of literature can provide some 
insight on the effects of exercise on the mental health of PLWH, but the specific effect of 
exercise on those PLWH who are depressed it is not yet clear.  
Therefore, the following section summarizes the current studies that have investigated 
the effects of chronic exercise on a psychological outcome with PLWH. This is then followed by 
a summary of the limitations of this research, a review of the literature that has examined the 
psychological effects of acute exercise in the general population, and a summary of our pilot 
trial, which is the only study to have tested the acute psychological effects of acute exercise with 
PLWH. The primary aim of the dissertation study (Chapter II) was to explore the psychological 




Psychological Benefits of Chronic Exercise with PLWH 
Within 10 years of the initial outbreak of the HIV disease, researchers examined and 
compared the effects of different types of exercise on the mental health of PLWH. This body of 
literature began in 1990 and examined both aerobic and resistance exercise individually and 
combined. Studies also tested a combination of exercise modalities with non-exercise 
modalities, such as nutrition interventions. The results are generally positive and promising, and 
no negative impact on the HIV disease has been reported with exercise. We recently published 
a systematic review describing the scope of literature in this field, including a description of the 
meaningful psychological benefits gained with exercise (Appendix B; Nosrat, Whitworth, & 
Ciccolo, 2017). Importantly, the research during the recent past, specifically between 2005 and 
2015, has included significantly fewer studies and less attention has been given to the mental 
health benefits of exercise in this population. As a result, there is a paucity of current research in 
this field, with the majority of the studies having been conducted more than 20 years ago.  
Below, a brief discussion of the results of the key research in this area is presented. 
Studies are categorized by the exercise modality (e.g., aerobic, resistance, combination of 
aerobic and resistance). 
Aerobic Exercise  
Aerobic exercise has been studied more than any other type of exercise. Overall, there 
have been approximately nine studies and the majority have reported a positive change in at 
least one mental health or psychosocial outcome when they were measured (Baigis et al., 2002; 
LaPerriere et al., 1990; Lox, McAuley, & Tucker, 1995; MacArthur, Levine, & Birk, 1993; 
Maharaj & Chetty, 2011; Mutimura, Stewart, Crowther, Yarasheski, & Cade, 2008; Neidig, 
Smith, & Brashers, 2003; Stringer, 1999; Terry, Sprinz, & Ribeiro, 1999). For example, one 
recent meta-analysis explored the effect of chronic aerobic exercise (defined as performing at 
least three sessions of exercise per week for at least 4 weeks) on a number of physical and 
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mental health outcomes (O'Brien, Tynan, Nixon, & Glazier, 2016). The results show a significant 
improvement in mental health indicators (e.g., depressive symptoms, quality of life) among the 
aggregated studies (O'Brien et al., 2016), which is similar to the findings of our systematic 
review that included a wider range of research (Nosrat et al., 2017).  
Aerobic vs. Resistance Exercise 
To date, only one study compared the differences between aerobic and resistance 
training (Lox et al., 1995). This study had three groups: resistance exercise, aerobic exercise, 
and an unsupervised stretching control group. The aerobic exercise protocol was moderate to 
vigorous intensity, while the resistance exercise protocol was progressive resistance training. 
The length of the intervention was 12 weeks, and participants were asked to exercise three 
times per week. Improvements in trait affect and life satisfaction were observed in both exercise 
groups, with significantly greater improvements being shown in the aerobic exercise group (Lox 
et al., 1995). 
Resistance Exercise  
The research on the psychological effects of resistance exercise with PLWH is generally 
new (Hamid & Rajah, 2015; Medeiros Guerra et al., 2016; Mkandla, Myezwa, & Musenge, 
2016). Except for the study conducted in 1995 by Lox et al. and another study by Agin et al. in 
2001, all of the research investigating resistance exercise has been completed within the past 
two years. Despite this, there is a high level of diversity in the methodology used. For example, 
studies reported a range of exercise protocols that included administering progressive 
resistance exercise with frequencies ranging from three to six times per week and across 12 to 
16 weeks (Hamid & Rajah, 2015; Lox et al., 1995; Medeiros Guerra et al., 2016; Mkandla et al., 
2016). Some of these studies show positive changes in quality of life, mood, and life satisfaction 
(Hamid & Rajah, 2015; Lox et al., 1995; Medeiros Guerra et al., 2016; Mkandla et al., 2016); 
however, one did not report the intensity of the exercise protocol (Mkandla et al., 2016), and the 
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other two studies did not have a control group (Hamid & Rajah, 2015; Medeiros Guerra et al., 
2016). Overall, it appears that resistance training is beneficial, but with only three recent studies 
conducted, it is difficult to make any strong conclusions at this time. 
Combined Aerobic and Resistance Exercise 
The psychological effects of engaging in a combined aerobic and resistance exercise 
program have been tested with a small number of randomized and non-randomized controlled 
trials (Fillipas, Oldmeadow, Bailey, & Cherry, 2006; Galantino et al., 2005; Gomes, Borges, 
Lima, & Farinatti, 2010; Jaggers et al., 2015; Perez-Moreno et al., 2007; Rojas, Schlicht, & 
Hautzinger, 2003). Except for one study conducted in 2006 by Fillipas et al., the results of all 
other studies show a significant improvement in some indicator of mental health status. For 
example, one study randomized participants into a 6-week, low-to-moderate intensity aerobic 
and resistance exercise program or a contact control group (Jaggers et al., 2015). Significant 
reductions in depressive symptoms and mood disturbances were reported in the exercise 
group, while the control group was found to have increased in their perceived stress. In total, 
similar findings have been reported by the other studies in this category, with positive changes 
in outcomes ranging from quality of life to psychological well-being. 
Limitations of Chronic Exercise Interventions with PLWH  
To date, the majority of the research on exercise and mental health in PLWH has 
reported positive changes. Although these results are valuable, there are several important 
shortcomings that need to be addressed in the future research.  
First, most of this research was conducted more than 20 years ago reducing the validity 
of current-day assumptions. More specifically, the HIV epidemic has drastically changed since 
the outbreak of the first known HIV infection in 1981. In the early years of the epidemic, the 
majority of PLWH were White/Caucasians, and the HIV disease was considered a terminal 
illness. Modern day treatment options have transformed the management of HIV infection into a 
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chronic disease, which has numerous mental health implications for those who have it. 
Moreover, HIV currently affects Black/African Americans disproportionately, which is a group 
that was rarely represented in the research described above. Consequently, the older research 
is likely not generalizable to the current population of PLWH and new work is needed.  
Second, none of the studies have examined the mechanisms of action that likely support 
the beneficial relationship between exercise and depression. For example, changes in self-
esteem, distraction from negative thoughts, and acute affect regulation are among the most 
commonly studied mechanisms in the exercise and depression literature, with affect regulation 
having the most empirical support. To date, however, no study investigating the effect of 
exercise in PLWH has examined any of these outcomes. 
Third, many of the studies conducted to date have had a high rate of attrition, which has 
consistently been a problem in this area of research. For example, 76% of the participants in 
one study (MacArthur et al., 1993), and 47% in another (Jaggers et al., 2015) dropped out. The 
reasons behind the high rates of attrition were not investigated or described by these or other 
studies with high drop-out rates; however, it may be that chronic exercise interventions requiring 
several sessions per week places too high of a burden on the participants. 
Fourth and finally, even though the goal of the above studies was to elucidate the effect 
of several weeks of exercise on indicators of mental health, none examined the acute effects of 
a single session of exercise (i.e., pre-to-post in one session). One of the most common and 
practical designs to test the psychological effects of exercise, including the effects of exercise 
on depression, is through testing single bouts. Moreover, examining the acute effects of 
exercise is an efficient way to test the specific components of an exercise intervention, such as 
exercise mode or intensity (Meyer, Koltyn, Stegner, Kim, & Cook, 2016).  
In sum, the limitations of the current research on chronic exercise and mental health in 
PLWH suggest that new research paradigms are needed for this population. Future research in 
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this area needs to include a more representative population (e.g., Black/African Americans), 
examine the potential mechanisms of action, and explore the effects of exercise with higher 
quality, lower participant burden studies (e.g., acute exercise designs). 
Psychological Benefits of a Single Bout of Exercise 
Numerous studies have reported on the psychological benefits gained from performing 
only one bout of exercise (Ekkekakis, Parfitt, & Petruzzello, 2011). These studies have indicated 
benefits such as positive changes in core affect (i.e., feelings of pleasure/displeasure) or vigor, 
a reduction in emotional states like anxiety, or an increase in tranquility and revitalization. While 
these studies have generally been limited to an apparently healthy population, a few have 
reported positive changes with chronic diseased populations, such as people living with 
depression, diabetes, and multiple sclerosis (Bartholomew, Morrison, & Ciccolo, 2005; Ensari, 
Sandroff, & Motl, 2016; Fruhauf et al., 2016; Kopp et al., 2012; Meyer et al., 2016; O'Connor, 
Bryant, Veltri, & Gebhardt, 1993).  
Importantly, the key components of an exercise prescription (i.e., exercise type, duration, 
intensity) have been widely tested with varying results. It appears that exercise type and 
duration do not seem to be as important as intensity. More specifically, positive changes have 
been consistently shown with both aerobic and resistance exercise and this has occurred with 
durations of 20-60 minutes. Exercise intensity (i.e., low, moderate, or vigorous), however, 
seems to exert a greater influence and can potentially produce an acute negative psychological 
response. For instance, several studies have reported that moderate intensity exercise can elicit 
a positive affective response, whereas vigorous intensity exercise is likely to elicit negative 
affective response (Ekkekakis et al., 2011). This finding was first emphasized by Ekkekakis et 
al. (2011) who reviewed 33 aerobic exercise studies and reported that the majority of the 
participants had a negative affective response once the intensity of the exercise session was 
increased from moderate to vigorous.  
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Other researchers tested this hypothesis with resistance exercise and reported similar 
findings (Arent, 2005; Greene & Petruzzello, 2015). For example, one study (Arent, 2005) 
examined the differences in affective response to three resistance exercise intensities (i.e., low, 
moderate, and vigorous). Affect, tiredness, calmness, tension, and anxiety were measured 
before, immediately after, and at 5-, 15-, 30-, 45-, and 60-minutes post condition. The moderate 
intensity resistance exercise stimulated the largest increase in positive affect, and largest 
decrease in negative affect and anxiety when compared to low and vigorous intensity resistance 
exercise. Moderate intensity resistance exercise also stimulated an increase in energy and 
decrease in tiredness over the recovery period.  
This body of research also indicates that measuring the psychological response during 
exercise (i.e., as well as before and after) is the key to understanding the temporal dynamic of 
the affective response to exercise (Parfitt, Rose, & Burgess, 2006; Sheppard & Parfitt, 2008). 
For example, studies have shown that measuring psychological outcomes only before and after 
an exercise session can result in a distorted picture of the response. More specifically, without a 
midpoint assessment, it might appear that affect increased positively and linearly from the 
baseline value, but this assumption would be incorrect if affect was reduced during exercise and 
then increased at the end of the session, or at the post exercise assessment (Parfitt et al., 2006; 
Sheppard & Parfitt, 2008).  
In sum, the body of research that has tested the acute effects of a single bout of 
exercise suggests that both aerobic and resistance exercise can beneficially alter affect. Effects 
can be seen in as little as 20 minutes, and moderate intensity typically produces the most 
positive results. These effects have mostly been reported in apparently healthy populations, 
although similar effects have been shown in those with a chronic disease, including persons 
with depression. Lastly, the measurements taken should include a baseline, midpoint, and post 
assessment to ensure proper tracking of the effects.  
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Psychological Benefits of a Single Bout of Exercise with PLWH 
To overcome some of the limitations of the research on the psychological benefits of 
chronic exercise in PLWH, and to examine a potential mechanism of change (e.g., acute 
changes in affect) that might help PLWH who are depressed manage their symptoms, we 
explored the acute psychological response to a single bout of resistance exercise with PLWH 
who were experiencing depressive symptoms (Appendix B; Nosrat et al., 2017). This study was 
a randomized, cross-over, within-subjects design, and the participants served as their own 
control (i.e., in random order, half of the sample completed an exercise session first and half 
completed a video control session first). A total of 10 participants completed the protocol. The 
exercise session was 20 minutes of bodyweight resistance exercise, and consisted of 10  
2-minute rounds of bodyweight resistance exercise (e.g., squats, lunges, and push-ups). Each 
round included 30 seconds of exercise and 90 seconds of rest. During the control condition, 
participants sat in a comfortable chair in a small room and watched an informational video for  
20 minutes. Following the completion of the sessions (i.e., both exercise and the control), 
participants sat quietly in a chair in the same room for 10 minutes (i.e., to capture a post 
exercise, delayed assessment). Affect and perceived activation were measured with the Feeling 
Scale (FS) (Hardy & Rejeski, 1989), and the Felt Arousal Scale (FAS) (Svebak & Murgatroyd, 
1985), respectively. This was done before the session (PRE), in the middle of the session 
(MID), immediately after the session (POST), and at the 10-minute delay (DELAY).  
Participants were mostly men (60%) and Black/African American (70%). The mean age 
was 50.4 (SD=8.98). Half of the sample had an annual household income of below $11,500. 
Results indicated a significant Condition x Time effect for affect, such that there were greater 
improvements with resistance exercise versus the control (F=2.63, p=0.05) and a moderate 
effect size (η2=0.06). Post-hoc analysis showed a significantly greater improvement for affect 
PRE to POST (t=2.79, p=0.01, d=0.93), and PRE to DELAY (t=2.58, p=0.01, d=0.86). There 
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was also a significant Condition x Time effect for perceived activation, such that there were 
greater improvements with resistance exercise versus the control (F=7.40, p<0.001) and a large 
effect size (η2=0.10). Post-hoc analysis showed significantly greater improvement for perceived 
activation PRE to MID (t=5.09, p<0.001, d=1.37), PRE to POST (t=5.09, p<0.001, d=1.70) and 
PRE to DELAY (t=2.68, p=0.01, d=0.89).  
On the whole, the results of this study indicated that a single bout of bodyweight 
resistance exercise is beneficial for altering the affect and perceived activation of PLWH who 
experience depressive symptoms. These results suggest that this practical, convenient, and 
low-cost exercise routine could be used as a widespread and effective self-management tool to 
help improve mood and decrease fatigue in this population. Future work will be needed to 
expand the results of this study to better understand how exercise may be helpful for managing 
affective state. Most prominently, it will be important to explore the psychological effect of 
exercise intensity in this population, as exercise intensity is a well-known moderator of the 
affective response to exercise (Ekkekakis et al., 2011). The ultimate goal is to be able to 
establish the ground work for designing suitable resistance exercise interventions for PLWH 











Our pilot study was the first study to explore the effect of a single bout of bodyweight 
resistance exercise on affect and perceived activation in a sample of depressed PLWH. The 
results indicated significant and moderate to large improvements in affect and perceived 
activation with the exercise condition compared to the control condition. These findings are in 
accordance with the results of other research studies with the non-HIV population (Ekkekakis et 
al., 2011; Ensari et al., 2016; Kopp et al., 2012).  
However, research consistently shows that the direction and magnitude of affective 
response to a single session of exercise is moderated by the exercise intensity. More 
specifically, a 2011 comprehensive review of the research on the acute psychological effects of 
aerobic exercise with healthy adults reported that the majority of studies found a significant 
effect of exercise intensity on at least one psychological outcome (Ekkekakis et al., 2011). This 
review concluded that the affective response is generally homogenous and positive with 
moderate intensity exercise, and generally heterogeneous and negative with vigorous intensity 
exercise, particularly when the intensity reaches certain physiological thresholds (e.g., 
ventilatory threshold) (Ekkekakis et al., 2011).  
Unlike numerous aerobic exercise studies, there are only a few resistance exercise 
studies with healthy active adults that have tested the acute psychological response to exercise 
intensity (Arent, 2005; Bartholomew, Moore, Todd, Todd, & Elrod, 2001; Focht et al., 2015; 
Greene & Petruzzello, 2015; O'Connor et al., 1993). Although few in numbers, the majority of 
these studies also indicated that moderate intensity resistance exercise stimulates the optimal 
mental health improvements compared to vigorous intensity resistance exercise (Arent, 2005; 
Focht et al., 2015; Greene & Petruzzello, 2015). For example, researchers examined the acute 
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psychological effects of moderate and vigorous resistance exercise in a randomized within-
subjects design (Greene & Petruzzello, 2015). The results show that both tension and anxiety 
were significantly higher with the vigorous intensity exercise condition compared to the 
moderate intensity condition; and affect was significantly more positive in moderate intensity 
exercise condition compared to vigorous intensity exercise condition. In fact, affect declined 
during the vigorous intensity condition (Greene & Petruzzello, 2015). 
The theory supporting the differential affective response to exercise intensity is the Dual 
Mode Theory. Based on the Dual Mode Theory, affective response to exercise can be modeled 
as an inverted-U curve, where both low and high exercise intensities have a less favorable 
impact on affect compared to moderate intensity (Ekkekakis, 2009). The existing variability in 
the affective response to exercise is primarily the result of the interplay between cognitive cues 
(e.g., self-efficacy, exercise goals) which primarily originate in the frontal cortex, and 
interoceptive cues (e.g., changes in body temperature) which reach the brain through the 
subcortical pathways. Cognitive cues are more dominant at moderate intensities leading to an 
improvement in affect, whereas the interoceptive cues are more dominant at higher intensities 
leading to a decline in affect (Ekkekakis, 2009). In addition to intensity, the acute response to 
exercise seems to be influenced by a number of other factors, such as the individuals’ fitness 
level, prior exercise experience, and health condition (Ekkekakis et al., 2011). 
Overall, the majority of research examining the acute psychological response to 
exercise, including the research examining the correlates of the affective response to exercise, 
has been done with aerobic exercise and a homogenous sample of healthy adults. Therefore, it 
is currently unclear whether or not PLWH who experience depressive symptoms have similar 
affective response to different resistance exercise intensities. Thus, in an effort to advance the 
literature on exercise and mental health for PLWH, we aimed to explore the acute psychological 
effects of resistance exercise intensity as well as correlates of affective response to resistance 
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exercise with sedentary PLWH who experience depressive symptoms. Specifically, the aim of 
this study was to further examine the acute effects of resistance exercise by testing different 
intensities (i.e., moderate vs. vigorous) on affect, perceived activation, and perceived distress. 
Additionally, we sought to explore the potential correlates of affective response to resistance 
exercise in this population. 
This study exclusively recruited Black/African American PLWH who reported depressive 
symptoms for the following reasons. First, Black/African Americans currently experience the 
most severe burden of HIV, while being under-represented in the literature (Baigis et al., 2002; 
Bonevski et al., 2014; MacArthur et al., 1993). In the US, Black/African Americans comprise 
45% of new HIV diagnosis, 48% of those diagnosed with AIDS, though they comprise only 12% 
of the population (CDC, 2016). Second, Black/African Americans are reported to have higher 
levels of serious psychological distress when compared to their White counterparts (Weissman 
J., Pratt L. A., Miller E. A., & Parker, 2015), but are less likely to seek treatment (Holden & 
Xanthos, 2009). In fact, Black/African Americans face greater financial barriers to mental health 
treatment (Holden & Xanthos, 2009), and perceive greater stigma associated with mental illness 
(Barksdale & Molock, 2009; Holden & Xanthos, 2009; Sirey, Franklin, McKenzie, Ghosh, & 
Raue, 2014). Therefore, resistance exercise, if shown to be effective, could be used as a low-
cost, accessible, and less stigmatizing tool to help manage depressive symptoms in this 
population. 
Research Questions 
Research Question 1  
Is there a difference in the affective response to a single bout of moderate intensity 
resistance exercise compared to a single bout of vigorous intensity resistance exercise with 




The mean affect will be more positive with the moderate intensity exercise group 
compared to the vigorous intensity exercise group. 
Research Question 2 
Is there a difference in the participants’ affective response from pre to mid exercise 
session when comparing the two resistance exercise groups (moderate vs. vigorous)? 
Hypothesis 
Affect will change to a more positive state pre- to mid-session with moderate intensity 
exercise, while it will decline pre- to mid-session with vigorous intensity exercise. 
Research Question 3 
Is there a difference in the perceived distress response to a single bout of moderate 
intensity resistance exercise compared to a single bout of vigorous intensity resistance exercise 
with sedentary PLWH who experience depressive symptoms?  
Hypothesis  
The mean perceived distress will be lower with the moderate intensity exercise group 
compared to the vigorous intensity exercise group. 
Research Question 4 
Is there a difference in the perceived activation response to a single bout of moderate 
intensity resistance exercise compared to a single bout of vigorous intensity resistance exercise 
with sedentary PLWH who experience depressive symptoms?  
Hypothesis 
Perceived activation will be significantly higher pre- to mid-session and pre- to 
immediate post, with the vigorous intensity exercise compared to moderate intensity exercise. 
Perceived activation will not be significantly different with the vigorous intensity exercise 










Potential participants were initially screened on the phone. In order to be eligible, they 
had to be HIV-positive for at least one year, age 18 or older, and self-identify as Black/African 
American. All had to have a score of ≥10 on Center for Epidemiologic-Depression Scale (CES-D 
10) (Bjorgvinsson, Kertz, Bigda-Peyton, McCoy, & Aderka, 2013), and be literate and English 
speaking. Participants were excluded if they participated in more than 60 minutes of aerobic 
exercise per week, performed any kind of resistance exercise, were pregnant, or were 
simultaneously participating in a similar study. Participants who were taking anti-depressant 
medication were included only if they were taking the same regiment for more than three 
months. Participants had to provide proof of their HIV status at the first onsite session. The poof 
of HIV status documents included a positive HIV test, a prescription of HIV medication, a bottle 
of HIV medication, or a lab result indicating a current CD4+ cell counts and viral load levels. 
Recruitment 
In order to recruit for this study, advertisements were placed on the online classified 
listings (e.g., Craigslist). We also contacted New York City Department of Health & Mental 
Hygiene HIV Planning Group, and nonprofit HIV organizations such as AIDS Coalition to 
Unleash Power (ACT-UP), Gay Men Health Crisis (GMHC), Housing Works, Asian & Pacific 
Islanders Coalition on HIV/AIDS (APICHA) Community Health Center, AIDS Service Center 
New York City (ASCNYC), Bronx Works, and Harlem United. Potential participants were 





This study was a randomized between-subjects design. All participants were randomly 
assigned to either a moderate intensity resistance exercise or a vigorous intensity resistance 
exercise group. A computer generated (Microsoft Excel 2010) set of random numbers was used 
to create the allocation into groups. The randomization process was performed by a researcher 
who was not involved in the resistance exercise session (i.e., third session). To minimize the 
risk of bias, participants were blinded to the group allocation. 
First Visit 
Eligible participants were invited to attend the first session. During this session, informed 
consent and HIPAA were obtained, which was followed by the baseline survey questions on 
their physical and mental health. Using standard procedures, heart rate, blood pressure, weight, 
and height were also measured. The first session was approximately 40 minutes.  
Second Visit 
Participants went through a battery of 10-repetition maximum (10-RM) muscular strength 
tests for five different exercises; 10-RM is defined as the maximum amount of weight the 
individual can successfully lift for 10 repetitions (Haff, Triplett, & National Strength & 
Conditioning Association (U.S.), 2016). The exercises were squat, chest press, lat pull-down, 
dumbbell shoulder press, and dumbbell biceps curl. The standard procedure for 10-RM test was 
followed (Haff et al., 2016). In order to prevent fatigue during the strength tests, 10-RM was 
determined with maximum of 3-4 attempts, and the participants were given ample rest time (i.e., 
2-3 minutes) between the 10-RM attempts. The vigorous and moderate intensity were 
determined for each participant for all the five exercises. Based on the previous research (Arent, 
2005; Greene & Petruzzello, 2015), the vigorous intensity was determined as 100% of 
determined 10-RM, and the moderate intensity was calculated as 70% of determined 10-RM. 




Participants were scheduled to attend the third session after successful completion of 
the second session. In the third session, participants were randomized into either a 100% of  
10-RM (i.e., vigorous intensity; higher volume-load) or a 70% of 10-RM (i.e., moderate intensity; 
lower volume-load) resistance exercise session. To minimize the expectancy bias, they were 
not notified of their group allocation. Participants in both groups completed approximately 40 
minutes of exercise at the assigned intensity. Affect, perceived activation, and perceived 
distress were measured before the session, in the middle of the session, immediately after, and 
at 15 minutes and 30 minutes after the session. Rate of perceived exertion (RPE) was 
measured at the midpoint and immediately after the exercise session. All participants were paid 
$50 for completing the entire protocol (i.e., completion of three sessions). They were also 
provided with transportation compensation (i.e., metro cards) for the second visit. The study was 
approved by our Institutional Review Board.  
Exercise Protocol 
The exercise session was approximately 40 minutes. Participants were required to warm 
up for 5 minutes on a stationary bicycle. They then performed three sets of 10 repetitions for five 
exercises at the assigned intensity in the following order: squat, chest press, lat pull-down, 
dumbbell shoulder press, and dumbbell biceps curl. In both groups, participants were given 90 
seconds rest between the sets. The completion of the final set of chest press was considered 
the mid-point of the exercise session for administering the mid-exercise measures for both 
groups. 
Delay Protocol 
After the completion of the exercise session, participants in both groups were asked to 
sit in a comfortable chair in the exercise room for 30 minutes. They were asked to turn their 
phone off and put all of their personal belongings (i.e., reading materials, cell phones) away. 
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During the delay period, participants did not have any interaction with the research staff and 
were not allowed to leave the room. They were provided with a set of non-exercise related 
magazines for the delay period. A research staff administered the measures at the 15- and  
30-minute post exercise session. 
Measures 
Demographics 
The demographic questionnaire was used at baseline to collect information on age, 
gender, sexual orientation, racial group, employment status, education level, and income. 
Health History 
The health history questionnaire was used at baseline to collect information on any 
present sign, symptoms, or history of pulmonary, cardiovascular, or metabolic disease.  
Body Mass Index  
Standard procedures were used to measure height and body weight. Participants 
removed their shoes and height was measured with a stadiometer. Body weight was measured 
using a calibrated electronic scale. Body mass index (BMI) was then calculated as weight 
(kg)/height
2 (m).  
Resting Heart Rate and Resting Blood Pressure 
Resting heart rate and resting blood pressure were measured after 5 minutes of quiet 
sitting. The average of two readings was recorded.  
Depressive Symptoms 
Depressive symptoms were measured at baseline with the CES-D 10 (Bjorgvinsson et 
al., 2013). CES-D 10 is a Likert-type scale that asks the participants to rate their depressive 
symptoms in the past week (i.e., past 7 days). The scores range from 0 to 30 with higher scores 
indicating more severe depressive symptoms and a cut off score of 10 or higher is used to 
indicate significant depressive symptoms (Bjorgvinsson et al., 2013). CES-D 10 has been used 
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and validated for PLWH (Akena, Joska, Obuku, & Stein, 2013; Zhang et al., 2012). CES-D 10 
was used to screen participants for depressive symptoms both on the phone and in-person at 
the first visit. Participants with score of less than 10 at any of the aforementioned sessions were 
excluded from the study. 
Trait Anxiety 
The State-Trait Anxiety Inventory (Trait Version, STAI-Y2) was used to assess levels of 
trait anxiety at baseline (Spielberger, Gorsuch, & Lushene, 1970). The scale consists of 20 
items that require participants to rate how they generally feel. Responses are given on a scale 
ranging from 1 (almost never) to 4 (almost always). Scores range between 20 and 80 with 
higher scores indicating higher levels of trait anxiety.  
Perceived Stress 
The Perceived Stress Scale (PSS) (Cohen, Kamarck, & Mermelstein, 1983) was used to 
measure the levels of perceived stress at baseline. The scale is a 10-item Likert-type scale and 
responses are given on a scale ranging from 0 (never) to 4 (very often). Scores range from 0 to 
40 with higher scores indicating higher levels of perceived stress. 
Self-efficacy 
We added a measure of self-efficacy toward the end of the study as an exploratory 
measure to see if self-efficacy was correlated with the affective response to exercise. Self-
efficacy for completing resistance exercise of different intensities (i.e., moderate or vigorous) 
was assessed with two single item questions immediately after the muscular strength test in the 
second visit. The items were: “How confident are you that you can complete a 40-minute 
exercise session at the same intensity you just completed?” and “How confident are you that 
you can complete a 40-minute exercise session at a lower intensity (meaning 70%) of what you 
just completed?” Participants responded to each item on a 100-point percentage scale with 10% 
increment that ranged from 0% (not at all confident) to 100% (highly confident) (McAuley, 1993). 
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These questions have been used in prior research and have been shown to be valid and 
reliable measure of self-efficacy (Focht et al., 2015; McAuley & Blissmer, 2000). 
Affect and Perceived Activation 
Affective valence (i.e., feelings of pleasure/displeasure) was measured through Feeling 
Scale (FS) (Hardy & Rejeski, 1989). FS is a single-item measure of affective valence with an 
11-point bi-polar measure ranging from -5 to +5. Anchors are present at zero and odd integers 
with “very bad” at -5 to “neutral” at 0 to “very good” at +5. Perceived activation was measured 
with Felt Arousal Scale (FAS) (Svebak & Murgatroyd, 1985). FAS is a single item 6-point scale 
ranging from 1 to 6 with two anchors including “low arousal” at 1 to “high arousal” at 6. Both FS 
and FAS were administered at five time points for both groups: 1) before the beginning of the 
session (PRE), 2) halfway through the session (MID), 3) immediately after the completion of the 
session (POST), 4) at 15-minute post session (DELAY 15), and 5) at 30-minute post session 
(DELAY 30).  
Single-item measures of affect and perceived activation were used as opposed to 
multiple-item questionnaires in order to be able to collect information during the exercise 
session without causing a distraction from the exercise protocol. Moreover, these single-item 
measures could be analyzed based on the circumplex model of affective valence and perceived 
activation (Ekkekakis et al., 2011). In this model, the horizontal dimension is affective valence 
(as measured by FS) and the vertical dimension is perceived activation response (as measured 
by FAS). The space is divided into four quadrants: 1) upper right quadrant which is high 
activation pleasure (e.g., energy, and vigor), 2) lower right quadrant which is low activation 
pleasure (e.g., calmness, relaxation), 3) upper left quadrant which is high activation displeasure 
(e.g., tension, distress), and 4) lower left quadrant which is low activation displeasure (e.g., 





The Subjective Units of Distress Scale (SUDS) (Wolpe & Lazarus, 1966) was used to 
assess participants’ level of perceived distress. Participants indicated their level of distress from 
0 (no distress) to 100 (the highest amount of distress ever experienced). The scale is from 0 to 
100 with increments of 10 (i.e., 0, 10, 20, 30, 40, 50, 60, 70, 80, 90,100) and anchors are 
present at all increments except for 40 and 60. The SUDS was administered at five time points 
for both groups: 1) PRE, 2) MID, 3) POST, 4) DELAY 15, and 5) DELAY 30. Changes in 
perceived distress are related to changes in affect and perceived activation in the two-
dimensional space (i.e., circumplex model of affect and perceived activation). For instance, 
simultaneous increase in perceived activation and decline in affect (i.e., upper left quadrant of 
the circumplex model) is described as an increase in distress level (Ekkekakis et al., 2011). 
Rating of Perceived Exertion 
In order to assess the participants’ rate of perceived exertion, the Rating of Perceived 
Exertion (RPE) (Sweet, Foster, McGuigan, & Brice, 2004) which ranges from 0-10 and was 
previously used with resistance exercise was administered at two time points: 1) MID and  
2) POST. 
Sample Size Calculations 
The total sample size needed to achieve 80% power to detect the differences between 
groups for the main outcome (i.e., affective valence) was estimated using standard procedures 
(Keppel & Wickens, 2004). The preliminary data from 22 participants (i.e., 11 participants in 
each group) were used to calculate partial eta squared for between-within (i.e., Time x Group) 
interaction effect. The software package G*Power 3.1 was used to calculate the sample size 
(Faul, Erdfelder, Lang, & Buchner, 2007). 
In order to determine the sample size, the following criteria were used: 1) the type of 
test=F test ANOVA (between-within interaction), 2) alpha level (α)=0.05, 3) power=80% (i.e., 1-
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β=0.8), 4) number of groups=2, 5) number of the measurements=5, 6) nonsphericity correction 
Epsilon (ε)=0.757 (the assumption of equal correlation was violated; therefore, the correction 
factor “Huynh-Feldt Epsilon” was used) (Geisser & Greenhouse, 1958; Huynh & Feldt, 1976); 
and 7) the partial eta squared (η2) of the interaction effect=0.089 (as calculated in SPSS version 
23). The effect size f was calculated directly from the partial eta squared in G*Power (f=0.312).  
Using the above procedure, the sample size required was calculated and estimated to 
be 42. 
Statistical Analysis 
Descriptive statistics are presented as mean (SD) for continuous variables and 
percentage for categorical variables. Comparison of baseline characteristics between the two 
groups is conducted using Chi square (X2) for categorical variables and Analysis of Variance 
(ANOVA) for continuous variables. In order to test research questions 1, 2, 3, and 4, a series of 
repeated measures ANOVA models were used to test the differences in affect, perceived 
activation, and perceived distress between groups and between groups over time. In case of 
violation of assumption of sphericity, Huynh-Feldt Epsilon was used (Keppel & Wickens, 2004). 
Since there were two research assistants in charge of the third session throughout the study, we 
controlled for the researcher/administrator effect in each repeated measures ANOVA model. 
Pearson’s bivariate correlation (r) analysis was used to explore the correlates of affective 
response to exercise. All effect sizes are reported as Cohen’s d and can be interpreted as 
0.2=small, 0.5=medium, and 0.8=large (Borenstein, 2009). Data were analyzed using IBM 
SPSS version 24. The significance level was set a priori at p<0.05 and Bonferroni adjustment 
was used for all the post-hoc analyses. Finally, a circumplex model of affective valence and 
perceived activation was used to show the two-dimensional pattern of change in affect and 












A total of 408 potential participants were screened on the phone and 92 were initially 
eligible. Among the 92 eligible participants, 26 were ineligible at baseline, six were no longer 
interested, and 18 did not respond to further follow-up or could not be contacted. The flow 
diagram of the screening process is shown in Figure 1. 
Descriptive and Baseline Characteristics 
The mean age of participants was 47.5 (SD=11.2) years old. They were mostly men 
(59.5%), non-Hispanic/Latino (a) (90.5%), and living alone (66.7%). The majority were high 
school graduates (42.9%), unemployed (64.3%), and had less than $25,000 annual household 
income (90.5%). Based on the laboratory reports of the participants’ most current CD4+ cell 
count, 61.9% of the sample were classified as having Stage 1 of HIV infection (i.e., ≥ 500 
cell/mm3), 33.3% were classified as Stage 2 (i.e., 200-499 cell/mm3), and 4.8% were in Stage 3 
(i.e., < 200 cell/mm3). The majority of participants (73.8%) had an undetectable viral load, 
defined as less than 50 copies per milliliter (mL) (CDC, 2014). The mean CES-D 10 score was 
15.8 (SD=4.6), mean STAI-Y2 score was 48.1 (SD=9.8), and the mean PSS score was 21.7 
(SD=6.3). The moderate intensity resistance exercise group had significantly more men than 
women compared to the vigorous intensity resistance exercise group (X2=4.8, p=0.03). There 
were no other significant differences in the baseline characteristics between the two groups. 
The detailed description of the participants and the comparison of the baseline characteristics 





A 5 x 2 (Time x Group) repeated measures ANOVA for affect indicated that there was a 
significant main effect of Time (F=8.7, p<0.001, η2=0.2), main effect of Group (F=5.5, p=0.02, 
η2=0.06), and interaction effect of Time x Group (F=2.6, p=0.03, η2=0.1). The results of the 
repeated measures ANOVA for affect are presented in Table 2. The mean change of affect over 
Time by Group is presented in Figure 2. Post-hoc analyses with Bonferroni adjustment (i.e., 
p<0.01) indicated that there was a significant decline in affect PRE to MID (t=2.9, p<0.01,  
d=-0.6) in vigorous intensity exercise group. There were no significant changes in affect PRE to 
POST, PRE to DELAY 15, and PRE to DELAY 30 in the vigorous intensity resistance exercise 
group. However, there was a significant increase in affect PRE to POST (t=3.2, p<0.01, d=0.7), 
PRE to DELAY 15 (t=4.1, p<0.01, d=0.9), and PRE to DELAY 30 (t=4.1, p<0.001, d=0.7) in the 
moderate intensity exercise group. The post-hoc analyses for affect are presented in Table 3. 
These results remained unchanged after controlling for participant gender and study 
researcher/administrator. The majority of the participants in the moderate intensity exercise 
group (57%) reported an increase in affect PRE to MID exercise; whereas, only 9% of the 
participants in the vigorous intensity exercise group reported improvement in affect PRE to MID 
exercise. Additionally, the majority of the participants in the vigorous intensity exercise group 
(i.e., 52%) reported a decline in affect PRE to MID exercise; whereas, only 23% of the 
participants in the moderate intensity group reported a decline in affect PRE to MID exercise. 
Table 4 shows the number and percentage of participants reporting increase, decline or 
unchanged affect across time in each group. 
Perceived Distress 
A 5 x 2 (Time x Group) repeated measures ANOVA for perceived distress indicated that 
there was a significant main effect of Time (F=19.4, p<0.001, η2=0.3), main effect of Group  
(F= 10.4, p<0.01, η2=0.2), and interaction effect of Time x Group (F= 5.5, p<0.01, η2=0.1) as 
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presented in Table 5. The mean change of perceived distress over Time by Group is presented 
in Figure 3. Post-hoc analyses with Bonferroni adjustment (i.e., p<0.01) indicated that there was 
a significant improvement in perceived distress PRE to MID (t=4.2, p<0.001, d=0.9), PRE to 
POST (t=5.5, p<0.001, d=1.2), PRE to DELAY 15 (t=5.6, p<0.001, d=1.2) and PRE to DELAY 
30 (t=6.7, p<0.001, d=1.5) in the moderate intensity exercise group. There was also significant 
improvement in perceived distress PRE to DELAY 15 (t=4.8, p<0.001, d=1.0) and PRE to 
DELAY 30 (t=3.5, p<0.01, d=0.7) in the vigorous intensity exercise group. The post-hoc 
analyses for perceived distress are presented in Table 6. These results remained unchanged 
after controlling for participant gender and study researcher/administrator. 
Perceived Activation 
A 5 x 2 (Time x Group) repeated measures ANOVA for perceived activation indicated 
that there was a significant main effect of Time (F=16.2, p<0.001, η2=0.3). However, there was 
no significant effect of Group or Time x Group (p’s>0.05). These results are presented in Table 
7. The mean change of perceived activation over Time by Group is presented in Figure 4. Post-
hoc analyses with Bonferroni adjustment (i.e., p<0.01) indicated that there was a significant 
increase in perceived activation in both exercise groups from PRE to MID (t=5.1, p<0.01, 
d=1.5), and PRE to POST (t=6.1, p<0.001, d=1.8) as presented in Table 8. These results 
remained unchanged after controlling for participant gender and study researcher/administrator. 
Dimensional Approach to Affect and Perceived Activation 
A dimensional approach (i.e., circumplex model) was also used to further analyze the 
affective valence and perceived activation (Ekkekakis et al., 2011). The circumplex model is 
presented in Figure 5. The participants in the vigorous intensity exercise group initiated the 
session in an inactivated and pleasant state and moved to a more activated and less pleasant 
state at MID session. From MID to POST, participants moved to a more activated and more 
pleasant state and from POST to DELAY 15 and then to DELAY 30, they moved closer to the 
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baseline. Similarly, participants in the moderate intensity exercise group initiated the session in 
an inactivated and pleasant state. However, they moved to a more activated and more pleasant 
state from PRE to MID and MID to POST. From POST to DELAY 15, and then to DELAY 30 
participants moved closer to the baseline. Although both groups moved closer to baseline at 
DELAY 15 and DELAY 30, participants in the moderate intensity exercise group were still in a 
more activated and pleasant state compare to participants in the vigorous intensity exercise 
group at DELAY 30. 
RPE 
The mean RPE was (RPE MID: mean=5.6, SD=1.9; RPE POST: mean=6.1, SD=2.2) in 
the moderate intensity resistance exercise group, and (RPE MID: mean=6.5, SD=2.0; RPE 
POST mean=7.0, SD=2.2) in the vigorous intensity exercise group. There was no significant 
difference in RPE between the groups (F=2.2, p=0.1). These results remained unchanged after 
controlling for participant gender and study researcher/administrator. The mean change of RPE 
over Time by Group is presented in Figure 6. 
Although RPE was not significantly different between the groups, a greater number of 
participants in the vigorous intensity exercise group achieved volitional exhaustion (i.e., 
muscular fatigue), as indicated by the number of repetitions completed on the third set of each 
exercise. More specifically, in the vigorous intensity exercise group, 71.4%, 43%, 38%, and 29% 
of participants could not complete the full 10 repetitions for the chest press, lat pull-down, 
shoulder press, and biceps curl respectively. In contrast, participants in the moderate intensity 
group completed all 10 repetitions for the third set of each exercise, with the exception of 29% 





Data on self-efficacy were collected with 12 participants. The results of the paired 
sample t-test (t=5.0, df=11, p<0.001) revealed that participants had higher self-efficacy for 
moderate intensity resistance exercise (mean=90, SD=10.4) compared to vigorous intensity 
(mean=73.3, SD=12.3). Similarly, when examining self-efficacy within each group, self-efficacy 
for moderate intensity resistance exercise remained significantly higher compared to self-
efficacy for vigorous intensity resistance exercise. Specifically, the results of the paired sample 
t-test (t=2.6, df=5, p=0.04) within the moderate intensity exercise group revealed that 
participants had significantly higher self-efficacy for moderate intensity resistance exercise 
(mean=90, SD=12.6) compared to self-efficacy for vigorous intensity resistance exercise 
(mean=75, SD=16.4). The results of the paired sample t-test (t=4.5, df=5, p=0.006) within the 
vigorous intensity exercise group also revealed that participants had significantly higher self-
efficacy for moderate intensity resistance exercise (mean=90, SD=8.9) compared to vigorous 
intensity resistance exercise (mean=71.6, SD=7.5). 
Correlates of Affective Response 
Self-efficacy 
Pearson’s bivariate correlation analysis was conducted within each resistance exercise 
group in order to examine the relationship between self-efficacy to engage in both moderate or 
vigorous intensity resistance exercise and affective response. The results indicated that self-
efficacy for moderate or vigorous intensity was not significantly correlated with the affective 
response in either the moderate intensity exercise group (p>0.05) or the vigorous intensity 
exercise group (p>0.05).  
CES-D 10  
Baseline CES-D 10 scores were not significantly different between the moderate 
(mean=15, SD=4.5) and vigorous intensity (mean=16.6, SD=4.6) groups. The results of 
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Pearson’s bivariate correlation between the exercise affective response and CES-D 10 scores 
indicated that CES-D 10 scores were significantly and negatively correlated with affective 
response at DELAY 15 (r=-0.4, p=0.004), and at DELAY 30 (r=-0.4, p=0.02). This relationship 
remained significant after controlling for exercise intensity (i.e., group assignment). 
STAI-Y2 
Baseline STAI-Y2 scores were not significantly different between the moderate 
(mean=47.2, SD=9.4) and vigorous intensity (mean=48.9, SD=10.5) groups. The result of the 
Pearson’s bivariate correlation between the exercise affective response and STAI-Y2 scores 
indicated that STAI-Y2 scores were significantly and negatively correlated with the affective 
response at DELAY 15 (r=-0.3, p=0.02), and at DELAY 30 (r=-0.3, p=0.05). This relationship 
remained significant after controlling for exercise intensity (i.e., group assignment) for the 
affective response at DELAY 15.  
PSS  
Baseline PSS scores were not significantly different between the moderate (mean=20.7, 
SD=6.1) and vigorous intensity (mean=22.8, SD=6.5) groups. The result of the Pearson’s 
bivariate correlation between the exercise affective response and PSS scores indicated that 
PSS scores were not significantly correlated with the exercise affective response (all Ps>0.05). 
BMI 
BMI was not significantly different between the moderate (mean=26.4, SD=4.1) and 
vigorous intensity (mean=25.4, SD=4.8) groups. The result of the Pearson’s bivariate correlation 
between affective response and BMI indicated that BMI was not significantly correlated with the 
exercise affective response (all Ps>0.05). 
Years since HIV Diagnosis 
Participants in the moderate intensity exercise group were not significantly different in 
number of years since HIV diagnosis (mean=14.1, SD=8.3) from participants in the vigorous 
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intensity exercise group (mean=17.2, SD=10.2). The number of years since HIV diagnosis was 













This is the first study to explore and compare the acute psychological effects of 
moderate and vigorous intensity resistance exercise with sedentary Black/African American 
PLWH who experience depressive symptoms. The results show that moderate intensity 
resistance exercise is beneficial in improving affective valence, and perceived distress with 
medium to large effects.  Specifically, affective valence improved from pre to immediately post 
exercise and these effects continued through the 30-minute delay period for participants in the 
moderate intensity resistance exercise group. In contrast, participants in the vigorous intensity 
resistance exercise group experienced a decline in affective valence during exercise. 
Importantly, 57% of the participants in the moderate intensity resistance exercise group reported 
an improvement in affect during exercise compared to only 9% of the participants in the 
vigorous intensity resistance exercise group. In fact, the majority of the participants in the 
vigorous intensity resistance exercise group (i.e., 52%) reported a decline in affect during 
exercise. These results confirm our hypothesis that affect is more positive in response to a 
single bout of moderate intensity resistance exercise compared to a single bout of vigorous 
intensity resistance exercise. Similarly, as hypothesized, perceived distress improved at all the 
time points with large effects in the moderate intensity resistance exercise group. There was 
also an improvement in perceived distress from pre to delay in the vigorous intensity resistance 
exercise group; however, the overall means of perceived distress were significantly lower in the 
moderate intensity resistance exercise group compared to the vigorous intensity resistance 
exercise group. Despite our hypothesis, we did not find significant differences in perceived 
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activation between groups. However, in accordance with the circumplex model of affective 
valence, the results suggest that participants in the moderate intensity resistance exercise 
group were in a more activated and pleasant state throughout the entire session compared to 
the participants in the vigorous intensity resistance exercise group. 
These results are similar to the results of other studies testing the acute effects of 
resistance exercise (Arent, 2005; Greene & Petruzzello, 2015). For example, Greene et al. 
(2015) randomized 22 physically active college-aged participants to two resistance exercise 
conditions of moderate and vigorous intensity. They measured affect before, after each set of 
exercise, immediately post, and at 5-, 10-, 15-, and 20-minute post exercise. They also 
measured enjoyment pre and immediately post exercise. Similar to the results of our study, they 
reported that there was a decline in affect with vigorous intensity resistance exercise and an 
increase in enjoyment with moderate intensity resistance exercise. Additionally, they reported 
that a greater number of participants reported improvement in affect with moderate intensity 
resistance exercise compared to vigorous intensity resistance exercise. In another study, Arent 
et al. (2005) compared the acute psychological effects of three resistance exercise intensities 
(i.e., low, moderate, and vigorous) with 31 physically active college students. Psychological 
outcomes were assessed pre, immediately post, and at 5-, 15-, 30-, 45-, and 60-minute post 
exercise. They reported that moderate intensity resistance exercise resulted in the greatest 
decrease in anxiety and tiredness, and the greatest increase in affect, energy, and calmness; 
while, vigorous intensity resistance exercise resulted in the greatest increase in tension (Arent, 
2005). Although, these studies (Arent, 2005; Greene & Petruzzello, 2015) were conducted with 
a generally healthy and active population, and the timing of the measures were different from 
our study, the results are consistent across studies indicating a curvilinear relationship between 
affect and exercise intensity. That is, moderate intensity resistance exercise stimulated better 
psychological outcomes compared to other resistance exercise intensities (i.e., inverted-U 
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curve). These results are also similar to the results of other studies with aerobic exercise which 
are based on the Dual Mode Theory of affective response to exercise intensity (Ekkekakis et al., 
2011). Although Dual Mode Theory is tested frequently with aerobic exercise (Ekkekakis, 2009), 
it seems that our results together with the results of other studies that tested resistance exercise 
(Arent, 2005; Greene & Petruzzello, 2015), suggest that a curvilinear relation might exists 
between affect and exercise intensity for resistance exercise as well. 
We also explored potential correlates of affective response to exercise such as exercise 
self-efficacy, baseline mental health scores, individuals’ fitness level as indicated by BMI, and 
individuals’ disease status as indicated by the number of years since HIV diagnosis. Previous 
research with aerobic exercise has shown that these variables might be correlated with affective 
response to exercise (Ekkekakis et al., 2011). Our results indicated that baseline depression 
and anxiety levels were significantly and negatively correlated with the affective response at the 
delay period. That is, individuals with higher levels of baseline depression and anxiety returned 
to their baseline affect at the delay period quicker compared to individuals with lower baseline 
depression and anxiety levels. Other variables such as exercise self-efficacy, BMI, and number 
of years since HIV diagnosis were not correlated with affective response at any of the time 
points. This is in contrast with the results of previous research that have shown individuals’ self-
efficacy (Focht, Knapp, Gavin, Raedeke, & Hickner, 2007), and individuals’ fitness level and 
health condition (Blanchard, Rodgers, Spence, & Courneya, 2001; Tieman, Peacock, Cureton, 
& Dishman, 2002) were significantly correlated with the affective response to exercise. 
However, the previous studies were conducted with the generally healthy population and 
administered aerobic exercise. Therefore, there is a need to further investigate the correlates of 
affective response with other populations (e.g., individuals living with chronic disease), and use 
other modes of exercise (e.g., resistance exercise). Of note, the potential lack of power (i.e., 6 
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data points in each group) in our study should be considered when interpreting the insignificant 
correlations between exercise self-efficacy and affective response.  
Strengths and Limitations 
In addition to the above findings, this study has several major strengths. First, 
participants in this study were sedentary Black/African American PLWH who were also 
experiencing depressive symptoms. In addition, almost all (i.e., 90.5%) had an annual income of 
below $25,000, and more than half (i.e., 60%) were not seeking treatment for mental health. 
Research has consistently shown that Black/African Americans and individuals of low 
socioeconomic status are less likely to seek treatment for mental health, have greater barriers to 
treatment, experience greater stigma with treatment, are more likely to leave treatment 
prematurely, and even receive low quality treatment (Barksdale & Molock, 2009; Das, Olfson, 
McCurtis, & Weissman, 2006; Holden & Xanthos, 2009). The results of this study indicate that a 
single bout of resistance exercise can potentially be used as a low-cost, accessible, and less 
stigmatizing tool to help with the daily management of affective valence and perceived distress 
in this population. Second, the majority of the studies in this area have investigated the acute 
effects of aerobic exercise (Ekkekakis et al., 2011). Therefore, while the benefits of a single bout 
of aerobic exercise are well-understood, our knowledge of the psychological benefits of a single 
bout of resistance exercise is very limited. Also, the findings from the previous research are 
mainly based on the generally healthy population limiting the generalizability of their results to 
other populations such as people living with chronic disease. The results of our study, however, 
shed light on the acute psychological effects of resistance exercise intensity in a depressed 
sample of sedentary PLWH. Third, the current knowledge of affective response to resistance 
exercise intensity is very limited. Based on the Dual Mode Theory (Ekkekakis, 2009), and the 
large pool of studies with aerobic exercise (Ekkekakis et al., 2011), it is clear that exercise 
intensity is one of the important moderators of affective response to aerobic exercise. However, 
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this relationship is not largely tested with resistance exercise. The result of our study adds to the 
current literature by exploring the differential psychological effects of moderate and vigorous 
intensity resistance exercise. 
This study is not without limitations. First, the sample size was small (n=42); however; 
the result of the power analysis indicated that the power to detect the differences between 
groups for the main outcome (i.e., affective valence) is 80%. Additionally, the participants were 
among the hard to reach, and under-represented individuals in research (Bonevski et al., 2014; 
Shaghaghi, Bhopal, & Sheikh, 2011). It is shown that socially stigmatized and racial minorities 
are less likely to be recruited for and participate in research studies and are therefore under-
represented in the current body of research (Bonevski et al., 2014 ). The other limitation 
includes the lack of a control group. However, this study aimed to explore the psychological 
effects of two different resistance exercise intensities, negating the need to include a control 
group. Moreover, we have previously shown that a single bout of bodyweight resistance 
exercise has beneficial psychological effects compared to a control condition in a similar 
population (Nosrat et al., 2017), and the beneficial effects of exercise compared to other control 
conditions are well-established based on the results of previous meta-analyses (Ekkekakis, 
2015; Schuch et al., 2016). 
Implications and Future Directions 
The results of this research have several implications for Black/African American PLWH 
who experience depressive symptoms. First, the differential affective response to moderate vs. 
vigorous intensity resistance exercise has implications for exercise prescription in this 
population. It seems that moderate intensity resistance exercise could be potentially prescribed 
as a more effective tool for improvement of acute affective state and perceived distress 
compared to vigorous intensity resistance exercise. However, future research is needed to 
further explore the psychological response to other resistance exercise intensities specifically 
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compare the low, moderate, and vigorous intensities in this population. Although low intensity 
resistance exercise has been shown to be ineffective in stimulating psychological changes in 
other populations (i.e., generally healthy population) (Arent, 2005), future research is needed to 
support these findings with depressed PLWH. Second, the positive affective response to 
moderate intensity resistance exercise can have implications for exercise adherence in this 
population. The link between affective response and exercise adherence has been tested in 
several studies (Kwan & Bryan, 2010; Schneider, Dunn, & Cooper, 2009; Williams et al., 2008; 
Williams, Dunsiger, Jennings, & Marcus, 2012). For example, one study showed that those who 
reported a more positive affective response to moderate intensity exercise were more physically 
active at 6 and 12 months follow-up (Williams et al., 2008). The results of a meta-analysis also 
indicated that the in-task affective response predicts future exercise participation (Rhodes & 
Kates, 2015). Although, these effects were not tested in our study, the link between affect and 
exercise adherence might potentially exist in this population highlighting an important and 
justifiable next step within this line of research. This is specifically important as the majority of 
exercise interventions with this population reported a large attrition rate (Nosrat et al., 2017). 
Third, although we could not find any correlates of in-task affective response with this 
population, our results indicate that baseline severity of depressive symptoms and anxiety were 
negatively correlated with affective response at the delay period in both groups. These results 
have implications for the frequency of use of exercise as a tool to regulate affect in this 
population. Specifically, individuals with higher levels of depression might benefit from more 
frequent bouts of exercise to help maintain positive affective states. Future research is needed 
to further explore the potential correlates of affective response to resistance exercise to be able 
to design more effective resistance exercise interventions for this population. 
In sum, it is important that future research further explores the acute psychological 
effects of resistance exercise with this population. Future endeavors need to explore the 
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differential effects of exercise variables such as intensity, duration, and frequency with the 
ultimate goal of finding the suitable resistance exercise protocol for this population. Lastly, it is 
important to further test the mechanisms of actions involved in these psychological effects to be 
able to design more effective resistance exercise interventions for depressive symptom 




























• Too active: n=74 
• Low depression 
score: n=71 
• Race: n=25 
• Not HIV positive: n=1 
• Other: n=6 
Eligible: n=92 
Randomized: n=42 
No show: n=18 
No longer interested: n=6 
Medical contraindication: 
n=11 
Low depression score: n=14 
Too active: n=1 






Descriptive and baseline comparisons; N=42 
 
70% of 10-RM 
(n=21) 
100% of 10-RM 
(n=21) 
  
 n (%) n (%) 
Test 
Statistics P 
Gender     
Men 16 (76.2) 9 (42.9) X2=4.8 
0.03
* 
Women 5 (23.8) 12 (57.1) 
  
Sexual Orientation 
    
Straight 10 (47.6) 10 (47.6) 
  
Gay 5 (23.8) 8 (38.1) X2=1.6 0.4 
Bisexual 6 (28.6) 3 (14.3) 
  
Hispanic or Latino(a) 
    
Yes 1 (4.8) 3 (14.3) X2=1.1 0.3 
No 20 (95.2) 18 (85.7) 
  
Living Condition 
    
Living alone 15 (71.4) 13 (61.9) 
  
Living with roommate(s)/group home  3 (14.3) 3 (14.3) X2=2.2 0.5 
Living with family 1 (4.8) 4 (19.0) 
  
Living with a spouse/romantic partner 2 (9.5) 1 (4.8) 
  
Income 
    
<11,500 9 (42.9) 12 (57.1) X2=0.8 0.6 
11,500-25,000 9 (42.9) 8 (38.1) 
  
25,001-60,000 2 (9.5) 1 (4.8) 
  
Unknown 1 (4.8) 0 (0) 
  
Employment 
    
Full time 2 (9.5) 2 (9.5) 
  
Part time 2 (9.5) 3 (14.3) X2=0.2 0.9 
Unemployed 14 (66.7) 13 (61.9) 
  
Student/retired/other 3 (14.4) 3 (14.4) 
  
Education 
    
Less than high school/high school graduate 8 (38.1) 11 (52.4) 
  
Some vocational school/completed vocational 5 (23.8) 6 (28.6) X2=1.8 0.6 
Completed college 4 (19) 2 (9.5) 
  Some graduate school/ completed graduate 
school 4 (19) 2 (9.5) 
  
Current treatment for mental health 
  
Yes 7 (33.3) 10 (47.6) X2=0.9 0.3 
No 14 (66.7) 11 (52.4) 




CD4 Cell Count 
    
≥500 Cells/mm3 13 (61.9) 13 (61.9) 
  
200-499 Cells/mm3 8 (38.1) 6 (28.6) X2=2.2 0.3 
<200 Cells/mm3 0 (0) 2 (9.5) 
  
Viral Load 
    
Undetectable <50 Copies/ml 17 (81) 14 (66.7) 
  
50-200 Copies/ml 1 (4.8) 2 (9.5) X2=1.7 0.6 
200-100,000 Copies/ml 3 (14.3) 4 (19) 
  
>100,000 Copies/ml 0 (0) 1 (4.8) 
  
     
 
M (SD) M (SD) 
  
Age 49.7 (9.6) 45.3 (12.1) t=1.2 0.2 
BMI 26.4 (4.1) 25.4 (4.8) t=0.7 0.9 
CES-D 10 15 (4.5) 16.6 (4.6) 
  
STAI-Y2 47.2 (9.4) 48.9 (10.5) F=0.5 0.6 
PSS 20.7 (6.1) 22.8 (6.5) 
  
Years since HIV Diagnosis 14.1 (8.3) 17.2 (10.2) t=1.1 0.2 
 
BMI: Body mass index; CES-D 10: Center for Epidemiologic Studies-Depression Scale; STAI-Y2: State-Trait 








Repeated measures ANOVA results for Affect; N=42 
Measure Mean (SD) 
   
  PRE MID POST DELAY 15 DELAY 30 F Statistics, df (4,40) 
         
Affect 
     
Time Group Time x Group 
70% of 10-RM 2.3 (1.4) 2.8 (1.4) 3.3 (1.3) 3.4 (1.3) 3.5 (1.6) 8.7*** 5.5* 2.6* 
100% of 10-RM 2.2 (1.4) 1.4 (1.2) 2.1 (1.7) 2.8 (1.6) 2.8 (1.5)       




Post-hoc analysis for Affect with Bonferroni adjustment (p<0.01) 
Measure t Statistics (Cohen's d) 
Affect PRE to MID PRE to POST PRE to DELAY 15 PRE to DELAY 30 
70% of 10-RM 1.7 (0.4) 3.2** (0.7) 4.1** (0.9) 4.1*** (0.7) 
100% of 10-RM 2.9** (-0.6) 0.2 (-0.04) 1.6 (0.4) 1.6 (0.4) 




Individual differences in Affective response 
  PRE to MID PRE to POST PRE to DELAY 15 PRE to DELAY 30 
70% of 10-RM, n=21 
  Increased Affect 
  n (%) 12 (57%) 13 (62%) 13 (62%) 14 (66%) 
M (SD) 1.5 (0.6) 1.2 (1) 1.9 (0.9) 2 (0.9) 
Unchanged Affect 
  n (%) 4 (19%) 6 (28%) 7 (33%) 5 (24%) 
Decreased Affect 
  n (%) 5 (23%) 2 (9%) 1 (4%) 2 (9%) 
M (SD) 1.4 (0.5) 1.5 (0.7) 1 (0) 1 (0) 
100% of 10-RM, n=21 
  Increased Affect 
  n (%) 2 (9%) 9 (43%) 11 (52%) 10 (48%) 
M (SD) 1 (0) 1.8 (0.8) 1.8 (0.8) 1.8 (0.4) 
Unchanged Affect 
  n (%) 8 (38%) 4 (19%) 6 (28%) 7 (33%) 
Decreased Affect 
  n (%) 11 (52%) 8 (38%) 4 (19%) 4 (19%) 




Figure 2. Mean FS scores over time by group 
 
 
a. Significant decline from PRE to MID in the 100% of 10-RM exercise group  
b. Significant increase from PRE to POST in the 70% of 10-RM exercise group  
c. Significant increase from PRE to DELAY 15 in the 70% of 10-RM exercise group  







Repeated measures ANOVA results for Perceived Distress; N=42 
Measure M (SD) 
  
  PRE MID POST DELAY 15 DELAY 30 F Statistics, df (4,40) 
         Perceived 
Distress 




70% of 10-RM 31.1 (16.9) 16.9 (12.1) 11.4 (11.5) 11.7 (14.8) 8.1 (12.4) 19.4*** 10.4** 5.5** 
100% of 10-RM 33.5 (18.5) 36.9 (17.3) 31.6 (22.3) 17.6 (15.9) 22.4 (16.1) 





Post-hoc analysis for Perceived Distress with Bonferroni adjustment (p<0.01) 
Measure t Statistics (Cohen's d) 
 
PRE to MID PRE to POST PRE to DELAY 15 PRE to DELAY 30 
Perceived  
Distress 
    
70% of 10-RM 4.2*** (0.9) 5.5*** (1.2) 5.6*** (1.2) 6.7*** (1.5) 
100% of 10-RM 0.7 (-0.1) 0.3 (0.08) 4.8*** (1.0) 3.5** (0.7) 
p<0.01**, p<0.001***. Negative effect sizes indicate increase in perceived distress, positive effect sizes indicate 






Figure 3. Mean SUDS scores over time by group 
 
 
a. Significant decline from PRE to DELAY 15 in the 100% of 10-RM exercise group  
b. Significant decline from PRE to DELAY 30 in the 100% of 10-RM exercise group  
c. Significant decline from PRE to MID in the 70% of 10-RM exercise group  
d. Significant decline from PRE to POST in the 70% of 10-RM exercise group  
e. Significant decline from PRE to DELAY 15 in the 70% of 10-RM exercise group  







Repeated measures ANOVA results for Perceived Activation; N=42 
Measure M (SD) 
  PRE MID POST DELAY 15 DELAY 30 F Statistics, df (4,40) 
         
Perceived Activation 
    
Time Group Time x Group 
70% of 10-RM 3.2 (1.1) 4.3 (0.9) 4.8 (0.9) 3.1 (1.4) 3.5 (1.7) 16.2*** 0.3 2.2 
100% of 10-RM 2.9 (1.2) 4 (1.3) 4.2 (1.3) 3.1 (1.2) 2.9 (1.3) 
   





Post-hoc analysis for Perceived Activation with Bonferroni adjustment (p<0.01) 
Measure t Statistics (Cohen's d) 
 
PRE to MID PRE to POST PRE to DELAY 15 PRE to DELAY 30 
Perceived Activation 5.1** (1.5) 6.1*** (1.8) 0.1 (0.2) 0.6 (-0.06) 
p<0.01**, p<0.001***. Negative effect sizes indicate decrease in perceived activation, positive effect sizes indicate 





Figure 4. Mean FAS scores over time by group 
 
 
a. Significant increase from PRE to MID in both exercise groups 





 Figure 5. Affective response plotted in a two-dimensional space  
for two resistance exercise groups 
 
 







Figure 6. Mean RPE over time by group 
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